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Abstract

Background and aims: One of the most environmental workplace factors is microwave
radiation. In microwave spectrum, radar frequency with 1-300 GHz range have varied
applications such as satellite, communications, military, Network, navigation, air-traffic
Control, navigation, marine and weather. Uncontrolled occupational exposure to radar
radiation caused to various disease and disorders such as oxidative stress, different kinds of
cancers and other thermal and non-thermal adverse health effects. Regard to the importance
of identification work related carcinogenic factors in prevention and decreasing cancer
related costs and lack of similar studies, this study was conducted to systematically review
the research on the risk of cancer in occupational exposure to radar radiation with frequency
ranges 1 to 3000 GHz.

Methods: The present systematic search was carried out based on PRISMA guidelines and
comprehensive search strategy was focused from March 2017 to September 2018 and update
on September 2018 in PubMed, ISI Web of Science, Scopus and Google scholar,
MAGIRAN and SID databases with English and Persian articles without time limits were
searched. Keywords were selected based on PICO principle and collected from MeSH
database. Comprehensive search were accomplishment by the following search terms:
(worker OR technician OR occupation OR military OR airline OR navy OR police officer
OR Weather) AND (occupational exposure OR workplace OR long-term exposure OR
exposure OR radar OR microwave OR wireless OR high frequency range OR radiofrequency
OR radiation OR electromagnetic) AND (control group, cohort OR prospective OR
retrospective OR follow-up OR randomized control trial OR case-control) AND (cancer OR
malignant OR melanoma OR metastatic OR non-thermal effect OR biological effect OR
health effect OR Adverse Effect OR risk factor OR Sarcoma OR tumor or leukemia OR
neoplasm OR Carcinoma OR Hepatoma OR lymphoma OR mortality) as single or complex
terms in titles, abstracts and keywords. Then, taking into inclusion and exclusion criteria, the
process of reviewing, screening and limiting the repeated and unrelated articles was carried
out. In addition, manual references checking were done to retrieve the related articles. Also,
any disagreements were resolved by consensus between reviewers. The inclusion criteria for
selection studies were in design of case—control, cohort and randomized control trial studies,
with control group and referring to the association between occupational exposure to radar
radiation and all types of cancer in workers.

The exclusion criteria were as follows: 1) studies without control group 2) reviews, case and
field studies, 3) studies with inhumane population such as in vitro, in vivo and animal
studies. 4) Studies that radar frequencies were out of considered ranges (1-300 GHz) .5)
studies with other occupational or non-occupational carcinogenic risk factors (such as
solvents, workplace air pollution, environmental air pollution, smoking and etc).

After implementation of inclusion and exclusion criteria, data were extracted after
preparation of the full text of included articles.

Results: A total of 533 studies was found. After removal of duplicated references, 272
studies were included for the title, keywords and abstract screening. Then, 219 studies were
excluded since they did not meet inclusion criteria. Hence, 53 studies were selected for the
eligibility assessment. At the end of selection process and after the quality assessment, 7
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studies remained in the systematic review that including 3 case-control studies and 4 cohort
studies with no randomized control trial study. A manual search of the reference lists added
no more articles in this review. All included studies were from English language and external
databases in various countries including USA, Germany, and France. In this systematic
review, a study of clinical trials and Persian studies were not found. Finally, based on
inclusion and exclusion criteria, 7 articles (4 cohorts and 3 case-controls) were included,
which were conducted during the 1950 to 2005 with 51898 sample size and range of ages
15-69 years that published from 1993 to 2016. Included studies examined relationship
between occupational exposure to radar radiation and cancer strength among workers. Whole
of the studies put determination of cancers and risk estimates in military workers. The great
majority of included studies reported risk estimates with 95% confidence interval. Most
included studies were conducted on testicular cancer (4 from 7 included studies) and brain
cancer (4 from 7 included studies). In included studies, Relative risk were estimated,
particularly about testicular, leukemia and brain cancers and mortality ratio in various types
of cancers has been reported. The included studies reported no significant increase in
mortality ratio about testicular cancer but increasing in relative risk were significant in two
studies. There was also a significant increase in the relative risk of brain cancer in workers
who occupationally exposed to radar radiation. Increase in mortality ratio due to brain cancer
was significantly reported in two included studies.

Conclusion: The current systematic review was carried out to investigate the cancer among
workers with occupational exposure to radar radiation. It is noticeable that previous related
studies focused on both environmental and occupational exposure in worker and public
population and it clearly did not determine the relationship between occupational radar
exposure and cancer risk in workplace. Whilst, our study just focused on occupational
exposure to radar radiation that lead to small number of included studies. The results of this
study can be useful to prepare the occupational health policies in related to radar radiation
and provide some information to conduct associated meta-analysis in future studies. On the
limitations of the included studies, the continuation of experimental studies on humans with
control groups, and focusing on the study of cancer-causing radar radiation in occupational
exposure to workers is necessary.in this line, World Health Organization propose to conduct
further differences studies especially case-control studies.

However, it should be mentioned that these results are yielded by a few numbers of available
studies with no report in occupational dose and time exposure to radar frequency range. also,
considering to some limitation such as few numbers of included studies, lack of data about
exposure characterizations (exposure time, dose-response, average of exposure level) and
demographic characterizations (average of age, average of experience, radar frequency
range) it is better to continue further studies about this topic and future review studies
include the congress publications without limitation in language. It is also suggested that
other published articles in congresses also be used and the limitation in language of
publications in the search process be removed. It is noticeable that, slight researches about
occupational cancers in Iran were conducted in yet, such as studies in related to asbestosis,
aromatic amines and chromium. Therefore, regarding the fast growing of cancer in
developing countries like Iran, determination of occupational cancer risk factors could be
useful to provide the cancer prevention and control program. So in this line, designing
epidemiologic studies to focus on occupational cancers are very important especially about
microwave and radar radiation.

Conflicts of interest: None
Funding: Gazvin University of Medical Sciences

How to cite this article:
Zaroushani V, Safari Variani A, Ahmadi S. Risk of cancer in occupational exposure to radar radiation: A

systematic review. Iran Occupational Health. 2019 (Oct-Nov);16(4):46-58.

*This work is published under CC BY-NC-SA 3.0 licence

Iran Occupational health. 2019 (Oct-Nov);16(4):46-58.



(=
\‘{V
N\
\

S1950 Yl

http://ioh.iums.ac.ir d’/’ /b/-://ﬂ/

\YAA Q\{T)jg.an\c c)\.a.i: k4 093

ol (59 50 axdllac 9 35181 Slagi 5 b (T s4e> 190 53 (b pw 4 Wit S

oMoy 5o (sloin! olos Glisios 3 10 g oyl ul (cpgj8 938 (Kb pole oKl ccuiiling 0ol ¢ glad o cadiling 09,5 ) balias! (Jgiume 0iumy o) :dugl))‘ ‘.)4“5

Lo jlganls’
(Sl delye
(b ooy
)bl ey

Aopllas 5,0

AV/ANVA il Gl

VYN by gyl

v.zaroushani@qums.ac.ir .|yl ¢ 938 3938 (S pale olSiily
Ol (93 naid Sz pole oIl ccudligy 0aSLiily «glad o cuiligy 05,5 bl 1 S 4lg Syuo e
Ol eonai® ecngd (Sibzy pole oKl ccubligy 0aSLiily ((gldd > Cublig 095 bkl 1 gos] Jras

o.\ﬁS\?

Sy €3S cponl 4y dr g5 b el slize 3l 5 )l bl Sl s olsly slagin b s dgalye 1B o dij
00 bl (gl tmgt Liopllss 550 B b ddllas (gl el lalllan 3955 34 ¢ bdiysn LBl o £ySis 3 ol p i (sl giSTo
A5 ploml (5,288 e e e B GuilS)8 L) ()bl laging b s sladralse 55 (b jo & Mol Sy L dlai]y

Sid glaolSl 13 5 VA polias YWY Lojle Jloj o390 ;3 g PRISMA g, (bl 3 siopllss (oo 2 owy 0 (399
5 Sl YL ¢ 15 pbsl IST Web of Science Database 4 Scopus PubMed Google Scholar Magiran
b o 85203,8 Gl MESH ol 1 eslizl b g PICO ol bl 5 lao3lgads” s50s (wy o Sloj Codgasme igs 9 o)lsj ooyl
e 330 (bl cnl 2 ogMe b ol bagipopud <)) S el B g (655 JUé p9ye duld @ 9 3959 ojbirs ()5 a5
2 plol Waools gl 5l e 2399 ©Vlio JolS (e 4t 5 s 9 bl

9 L;‘.Jl.: L_#'I.n)'i)\f aslllas il y8 U"l 2N ) sl u.idz a5 05 cdl adlae OYY Egoxe d.:Jg‘ g HEPVEL D)
3)ls (530lim3)50 adllan ¥ 5 & yamoS adllan F) lie V slass Cslag )3 gy 5 909 sloline bl 1 ot il Laipo o) llllas
Y F LAY Sloj o3l 50 g oad plosl aiges OVARA L ¥+ -0 Y20 sl Jlo (b 1> (63959 Ollllas . Slatiws ygy0 o3
» lB)_.o P~ )_Iﬁ> 3)51)_3 «$%9y9 Sldlas j> Dy M)f Oyguo jro qu/w: 9l qu/w: UegaS Sldlas Sl A0 0Dyl
Ol Sllllas (] 55 003, (3135 by 5l (ormsg i 13 300 5 Sy £ 250 5 bl 5i 5 samg) iy Slag by (ogad
39 03,8 y)55 JI5 e Dyg0 93 )3 |y o s pdas (yial33] Lol 53905 eIl iy jixe pu 1y Ay by I BU pee g Sye £
a5 I3 a3 GBI adme adlllas 93 )3 caarlye o5 QU (e 53 s b & Ml 1 (3L e 5 Sye 25 SIS Crizen
g 00 pYel I3 ine Azl | Ji5 danlye (o ybly (clogin b a5 SUSIS 55 ol p oyl ds Sl s s gl

Sy 32 By Lo b i dxzlye b abse 15 o el (gp9p0 Clilllan (gl ejor pilo gl S0l & dgs b 56 S e
Slagin y 3 yei0) linnd logy Cuiling dipe) 50 Cudlo (S Cuslw )3 Blgi o adllas ol @l W osd plowl b jus & Ml
Sado A5yl i g gy 5l atwd ol b ol (US)S &8 (68 (slabame poles 35 g die ol )3 JUeb slagylojlo sl (sl
aalsl (6399 lalllan Cudgioes 4y dngi b tyled ool |y ol )3 oo 5lUTlie aslllas Sy plosl (gl Lo 3y90 cleMbl I i 4 3l
4 6902 el QUSHI i aglse 3 )bl Sl il ey 3 55503 b g a0ld ooy S L bapludl g9y (028 Slaios
e Gl b Cadgasme g o ookl 35 o ) SiS 5 b yislen ;5 oyt GVl jl a4y Ollllas ) D9 co dlodiudin (yrizmed asy oo Ha
Dol A1y g Alyd 4>

el o123 5 55 i lio 8 la
HasE (S pale ol&Kiiily 205 Cylos gudo

:llio (o 4 olciw! 0guis

Zaroushani V, Safari Variani A, Ahmadi S. Risk of cancer in occupational exposure to radar radiation: A

systematic review. Iran Occupational Health. 2019 (Oct-Nov);16(4):46-58.

il 4383 < yg40 CC BY-NC-SA 3.0 by (Galloo SIHT (o piand o 900 &3 allite ¢yl plidisl™

I[ran Occupational health. 2019 (Oct-Nov);16(4):46-58.


https://orcid.org/0000-0003-1713-4016

392 9 Olgy — oluasl (S5 (N (G (S
ok Ol am Sl gl gl 5o (V)00 5 (b s
DS 0 0l Laoolgls 5 sl a1y (g0l (soladl
9 olew) (Sbip yof ( Sbi peiiae glaa o
(a3, sl 0] g) ki e slaas 2 (oolgil>
(s e 5 (F95) CaleS) uguoli sloas 52
LS 59 tiloy) (JLasil g (ooBly sloaisso
(Sloas g odgs sl sbatdl S cd)b rals
OF) wil oo oladl Jb cpl 5l slaigas

GBS o 3 ale i 4 s
Solo jam = 0, slogin Ly (Jit agrlge
S5 9 o9 & wlgiee (opleld (e yo ol
b codle )l canlw ol jo canlin sladsl p
aoled SaS (T ol j soladl b rals g L8
SloygS Sy 55 g colid (S35 51 (V)
SLindzs slacaglgl 5l gl 4 Ml 5o S5e i
258 it (Slidod 3S1he ple g Sl &)l
55 o aiile 9t o aialllae (b atin) o 45
g g Do Gl low by (Sl Sliiod
sl §r9tex (Sbi pole Dlidod axwg o
Sligion Aedlipn Guilil aizes wtloe !
plosl poid am 095 1V o)lad Bl S5ise )0 by
slagin b (Jid agzlye b ogas ;o Slidos
7Y El 03905 35T Gl (ko S92 2 551,
5y50) el 05ed ) go0aie Slelllae siSG (VA
AU pogad ;3 Sijsdametnl 5 590 (sald —
e £ p omeblineg 28Ul slagi p b (el aglse
L e 9085 ssomg) e Gl wiile ooy S
o=l 50 (VA=Y ) cwl oals ploil oyl s pgee
reblising 58Ul sLogi Sl (orpng il DLl
15 45 Seilotnps aalllas Lol (sl 00 sy
L) o)y slaging L (Jad agzlye o3b (ogas
Solow 4 Nl o (3RS Ve L) 8
s cdl il gl cow LSS Gl jo ol s
Es—o90 ol aa L5 )ls (oo g5 (0l 9y
310 1o

IR 09

ohen g Slagl)j 1

doJdlo

T RSSO u‘)_b} a QL;S)LT u;l'*“’ slelae I

9 Ceodlw P —" ).a.s‘L’ “‘\—""9"(5" A4S lwd 9529,
slagy (V) ool a sl Loyl Sos; cas
39 g 009 Litiue 00elB 0l 5l 10 dolireg 2SI
Vooeo) ab b ybl) sla wils )8 ia59,500 ol
JmS asile il Jeliie (iS5 5,0l S5
BIS g gyt (1) W1 agzlge (T L (alole
sloagn Loais JyuS ik agarlye amd oo (lis
ol R s Sl bok; ol als e )bl
IS g0l 5hacil ails ol jo 4y 1) Jglain
9 ke Sl o 9 Sepde sl S egas
aS GlagSay aiiie bl sl g, o 50,5 5
S S ol lid B ais g alsdS (5,50 axdllas
(S—b ol (il Jold (o9t (S s
1S9 OB el Joallygims (LS 5 ) Lie
e ol deonias o _in g i) 0e
5 ois=l (55l (e S SR gy Cudgasme
loslys o 3l 0ST o may slls alols el
A i Cbli> ain) o JUsb llalles 5 o
oeizmed (V) aidlior 299,50k 5 (2929)) slagin
bl cge el wiige pladl e aS (6,105
Pl 299,50 5 (2530, Slogin plp o (LSS
E—090 T j9alS el slablax 5l oolaiul a5 ol
Ol 5—ig5 5l (6l 4z gi )50 45 Sl (g0
Cpod| plo ST (F-)0) sl oogy Ao 5 >,
Oyl g 00g ()l Dl ulal asb oo beslu
Gl oot ad )3 s 0 dwgp cpl o Sl e
L i azlsn 5t 151 6 oS JUo
Lok Sl e omie Wi oo 9299,0ke slogi
Sl 5 ol s (Jie 098 e Ceadls
9 3095 pimms 53 A gilannST ol 5 0)

I[ran Occupational health. 2019 (Oct-Nov);16(4):46-58. f4



bl slagin b (s sbagalye > Gl 4 Ml S

melanoma OR metastatic OR non-thermal effect
OR biological effect OR health effect OR
Adverse Effect OR risk factor OR Sarcoma OR
tumor or leukemia OR neoplasm OR Carcinoma
OR hematoma OR lymphoma OR mortality).
Loyl aods b lgie jo a5 SYlae dl> o pl jo
C adolineg xS s o b «lol) oyl o slaosly
Al olsail i saelie €598, (b b
SYlae ol goldS SlolS g ouS> gl
Sy @il sl atls g5l GV 5 0l (o)
osld s «SIR) o laslinl gods Cons wilo
MR) ;0 § S 40 Zond 3 (RR) s jla> (OR)
als g Camwlas (iol33l 6l asas bl
e (L85 )18 il 890 b e Y
b g o plonil s a e Yo Sid )0 st
0o 5 yslamez SVLhe plos a2ds 5 (lgie (o)
5 S5 OVl 5 b Lo b 5l Jas e ¥lis
Olgme an aS SYlae JolS (e plosl s 50l Bd>
2855 )18 6315 0590 951 00 (5 pslaez i o
Sl asdlas cpl jo aslllas 79,5 9 39,9 slo)lne

LYY b loj oogaoms 10 5 Jhue (3ane g0
39042 Yo A el o ‘.)..\m g el YA w)bo
g Magiran Sid 1o slacl ;o soxiws 0l
PubMed Google Scholar =, 5 sl 20l
3 pl=l IST Web of Science Database 4 Scopus
Cudgite 9d 5 Ol (o)l g (eSSl YL
ol bl aS 55 slaoslaads 5l ool b ¢ gloj
§ XS (5,5lae> 9 ol MeSH o554 51 9 PICO
Gz lp KaSH bS5 0 L 5 ST O js0 4

0,5 eolawl Y lae
(worker OR technician OR occupation OR
military OR airline OR navy OR police officer
OR Weather) AND (occupational exposure OR
workplace OR long-term exposure OR exposure
OR radar OR microwave OR wireless OR high
frequency range OR radiofrequency OR
radiation OR electromagnetic) AND (control
group, cohort OR prospective OR retrospective
OR follow-up OR randomized control trial OR

case-control) AND (cancer OR malignant OR

Pub Med

Yorh uleBY VY Gulel

ISI Web of Science
YoVA Ll BEY VY uyle sl
Yo sl

YAY : slass

Scopus

YolA Gola GYNY Lugle )l

GOOGLE Scholar Magiran , SID
YeVA Gupls EY VY gl TOVA L YV )
) ol Maas s 2

PR

YYY:slias

oA 52 gl Jlasdl

7o 3 bl Jld

(e 2lamd) (g2 955 lalllee

(M haa) 0us Szl (lgie ooy 3 oo o795 SYlES
e S 0y,T a5 Slalllas —
e lalllae -
§9y90 lallas -
&l aey Slalllas -
(in vitro . in vivo . iy clallas) bl 2 adged b ladlas -

el s et s Saalll Sl S e b i -

it sl Jlse e rea ol

el sl e o laas

(FO 2 slad) JalS e 5 s oo A YL
: { Elﬁ..ldb;:ds,-j} el
G el s s -
(+:8laa) Lacals

AJJL_‘znoil;:JE:;‘u\_;;L.TJ;_J'CJ;:_.,“

Iran Occupational health. 2019 (Oct-Nov);16(4):46-58.



sleojly 5 00 S> laie wlul p dsllas YVY olows
3955 Lo lime 4y a2 gh b e 20l QLN (oS
Shdians Bds 55 550 adllas YA slasd izg > g
51550 B8 Sloas a5 oaile 3l anlllas OY 5, oyl
laools gl il 5 allie LolS (e ooy b o o]
Sosle 3l asdlas Y eolesl anyls bl o 5 Bis
F o (TAYF 09) ganls - 5y50 asdllas ¥ slaws o]
S50 oblas () USE) 090 (YY-YF) O 5065 Slalllas
Sl §97n 9 (pp ] (b S Sl
Sy E=250 b bLI)| jo a5 b olesl )8 aslllas
Slaslons 51,8 5 539,90 sla)lre slls g 005 Sl
Sazme (2Ll )0 Geizren add S8l WL (29>
Yo mlise G pd oyl ool L s
S ELE 5 6095 slalxe sl)ls 45 gaaz aslls
s il wsl e, sl lose
5 99,5 Loylone d azrgi a aalllas slo s
Voolass el o (g ol 5o - 990 9>
2o axlllas 35 (ganlims 0 ¥ g & )525 ¥) allis
Gyt Y0 LV slalw b s as
5 (YO V) LT (YT Y YA) oosiecsVU| calisea
SN0 s o3game b aiged OVARA L (FF Y F)asil b
$Login b Jlid agzlse bl 5 eud pldl JLo £4
ol buas a5 i slalase ;5 o),
00,5 (syp Ol Ml S, b sy (ollis
YO 5 LAY Sl o5l s wlddllas ol s

REUERTY o e

ohen g Slagl)j 1

0dds 5yl B Al o ;0 a5 Lo po Slalllas 355
= e OYe () g0 S eolaiul p las 5l aisg
(VY g &y9055 Olallas (V cgualirs g0 Slalllas
e e L) 5 iy el e
L) (sl 8 0090 )3 5l0l; slagip Lo (it
2 abgrye QLS 5o by gl L) 50808 Y
o=yt MR § RRIORSIR (¢ L] (o ypass ol
b 00400

el Sl p 2 sd 4 asdlls Sl zg, sl )l
5 535 Slalllas (7 ]S 09,5 (g Slalllas ()
asile Sl e Cmon U Sl (V) sl
S9y y— Slalllas gin vivo dn  vitro olisle;l
i s slrog,S s o alowl Slalllas (F .llge
I omir S)9e Slagin il 2 &S Slalllas O
dlge plw as Sladlas (Faail s)lsl,) eogass 3l
Lol asle it oty i gl o
S e Iy S3lT IS e 53 Iy 535
il 00,5 (g p |y 0pf g HAndS

L oVl Lol poas s Jlozsl clidizs]
Olge az (og oz Sl eoliul b L (bl 38lss
Gl Yo loame clyd jo g o Byl olo
ol yaseine dalllae 4 (555,5 YlEe 5 0l i
ot aalllas ol o Ve Gl e ) S5 4o
el 00 00l

Yo slaools al> 1o ool jo ilaosls Zl il
gtz LAl Jlo 525 T (Jol oninnsi Jols

Elgsl 4 Ml il il § oo o> ogas o
4zlye )by lagin L as S ol po b s
O olos (50g,9 asdllan ¥ o jo aibls Ja
(9055 dslllan ¥ 5 (guali-o,g0 daslllas T) axlllas
o 1y ol s glasil ay Mol il s g (o Jlas
lalaore 4 aily (LSS 51 a5 FYFYVD 5 gaome
o3l ;o 5l 9550 Slalllas 05,5 () 2 (ollas 58
Sl 0090w ;0 5 ploul 120 --Y e -0 Sloj
O Jgoz) Kogs ouds e 1YY -V

beome plse o6 2K 050 iged px> cadlllas g
Uil adlllne a5 oy 95 LS 115
Jolas ;o abg o ledlblans 5 gl 5l (5399
=5 g ol ol | (o Sl SIS 4y ST
0 4S lb s glosl an Sl 51 (B0 e 9 S pe £

A0 )5 &l ogy oas 15,155 (60g,9 Dlalllas

L asl,
Plj Q.:_lg‘ 4o aallas ol 9 T delS

}‘@J&&Q@MOVVW)QsM
6)‘)—17 SYlas i )‘ o= ...\3.59.3 ‘5?-)[5 (_gLQolilL&

I Randomized Controlled Trial (RCT)

Iran Occupational health. 2019 (Oct-Nov);16(4):46-58.



bl slagin b (s sbagalye > Gl 4 Ml S

Sy sloging b agalye oo Jid clomg S 50 by 4 Ml (il G [ g oS gy pogead 53 Slilllas Clasetio =) Jou

9 29 ooy g5 Lo olgie 29> P Coned Cpnir adbogyg edS sl Jl LXNPY
P BULE e we aplecss
(Jls)
ol G aag b by OBk -\aaa <4 Sy —3)0 Sl Yeo¥ ol
S ime 9 olowlsn \LSN% s )
g4 ol
ol s aay by oy oSS =v..y AR 3y0 =)0 awslys Y.V oyl
0> e/ voeo sl (¥f)
S
(s sl aan oy b Go Sy fem 303 Sy S ] veey o9lS
Sep 41> Lize Van. (vv)
ol G aap by s ol -\ava Y- Sy OygmgS 1S5 0] aay mgd
g1 5l gz / ARSN (¥v)
[ (oo > ORje owd) b Saxs v e 3010 S ] 1S54l vey o9lS
S b pme ol o) (gSsad VAo (vv)
R
g (s Agkee
o) ¢ Sghalls
S ghaslils 2
s s 30 ol yu lod g9y -\ayv. V- Sy 350 S yel Qa8 Gl S
g )y (gixe / VAR sals \a%)
P sbogin L agalye cod b (sleps)S 3 olbyw jeo g Spe 25 (puyp pogad 3 Sllls laseis T Jo
adllas 4 olbye &9 beow glpe o2 S5 )92 oo gy 9 Ju odiygh
Jels /)8 Q503 L)
395,15 (gxe oS g plad da by o VIAY VAVA-Y. .- ygneS dwil B ARV (VF) Lol
95 )b (gixe lao 03y 5 5)lsS o> (gl pluil by oy VIAY VAVA-Y .. CyehgS Al B AEAYd (VF) puegeld
95 )b (gixe (A i § Jo qpui> by oy VAP VAVD-Y - - OyohgS Auilyb AR (VF) puegeld
395 )1 (xe asuiel 9,50 slb el by o VA VAYD-Y . o ygneS dwil B ARAV4 (VF) Lol
395 )13 ina o5 sl ol (sgp v¥¥a VAST-\Aa¥ SyomeS oledi ARRL (¥5) 51,5
295 )13 (dme >y S 0 5 o3y Glojw by T VAR--1aY STy Sopl YooY (YY) oosls
Oy @t Gyl g opli e 4y Gloy
2 (sowgldoghio Juidge 9 poiid (b jue jio
3905l (me gl cagd g Ol g0 Sy b e A VAA--1aY STy Koyl YooY (YY) ooslss
S92 415 dxe o5 g e da ol g9y YYYa VRS-V f RIPITIce ol Y..q (Y%) o3>
390 )b e A s § 0 il ol sy Ana! YasY-1aa¥ SyoneS RN YeeR (Y¥5) 4,5
S92 ) gize oasuiali g )50 gla ol ol gy \Ana VaFY-Vaay o yangS ol Y.-q (¥5) 51,55

allas ¥ oolasi ((g0g,5 andllas ¥V Lo jo ol lis ,das paad 0 jiegio ol sbbadl uxen
s £l 4 ) 5 S5 5 Sl oS
A aily LSS 51 s FAFYY o ggamms o)

Sle 53 ol glosl e Sl 51 (3L e 5 e
sl did agalse s b, slegp bas SLs

Iran Occupational health. 2019 (Oct-Nov);16(4):46-58.

oy




ohen g Slagl)j 1

Pl slagin b arale ot (135 clows)S 3 oy o 5 S e £ (ip o Slalllae Claseis T Jgaa

adlllas dous ol g Lo olgis o Sy 059 adlas g9 spas bl Jle XUNPY
Jdels /8 L0l

391, (gize ol oK sl plasl wbyd oy VIAY VAVO-Y . SyonsS Al YeNs (F) puegeld
S92, Lme )sS slo ol olss g9y Yr¥a ARV cReN CygmsS ol Yeeq (Y#) ol,55
92 > Lixe oS sl pll wollas (g9 yrea VAFY-VAE CoygmgS ol y.-q (V%) 4,5
391,00 (gixe oS gl plal b ©oys VIAY VAVOH-Y e e OyapgS Al B ARAT4 (VF) g
90l ixe A § Cawgy dinad Bl ool ollss gop0 s 1ASY-Vaa¥ yongS oWl Y..q (V%) 9,55
391,05 (Jxe W 5 Cuwgy cdisod Cl ool wbyd oy VIAY VAVA-Y .. CyongS dulyb AR (WF) gl
92 1> Lixe sladgs g ool wollas (g9 yree 1AFT-VaE CiygmgS ol y.-q (V%) 41,5
391,00 (gxe Slesgd g golad caly b ©oys VIAY VAVH-Y .. OyapgS Al B ARAT4 (VF) g

izmans (PAZFY Y8) ol o0 Lol o yas
Lok St e pgas 5o (iliSe Dlllae
Gbl glegin Las SLS, (e 50 Soisls
sile _ikize o g 45 ond plowl &l Jid ag2lge
g g @l s o Je ) i
lallhs e el 5o Ll CFYCFA) sl 03905 cos)
Ol 50 Gl s 0 Ml Sy 3,510 (o9 )3 a5
Gillae 5 00l (5,15 slagiy b aglye cod (LSS
Sl w3b aslllas (pl 9,5 9 9959 slajbre b
aallloe F) e ¥V Laid ol o 45 slaisFas og
Agel Slawd Egamme b (Qali-o 50 dalllas ¥ 9045
aallae oy r ol 53 i oy o2l )5 OVARA
Al [y aallae 4y 095 bl a5 b olesl) 1S
5 ol ot (Oldllas plod o auis cdl ail
Jels LSS 0 780 luabsl alolé b Sy 3,51
g2 0dd (o p (ol slodars 5

2 Byo i b3 5575 (63955 Slalllas s 3
odd plonl 5o g (gomg) il lagll yu (ogaz
5 (Y VA Jlosine 50 5 (somg) (s Jlas 05
FY) o mme alllas g0 0 day by oo s>
el (YF A jls oo e )50 asdlas g0 0 4 (YY
395 G3Lo ye 9 S pe £ 990 )3 Cudguze (pl ol
Jssz 5o ol oladiz &5 baplb s | (oxpmy el 5
Dgr 003,85 155 Canl oo BLIY o, lels

Eoge &S 9= plaglb w5l (S aan by
ol plazl ogs 4 1) | Kiwgh 5l (g )lews Guios
T oolasy (5999 asllas ¥V Lie j0 a5 glaigSas 09
asllac V' [0 050 oad alil paas cpl )0 dsllas
5 S e iy dallan 5y 5 (FR Y VF) s s

3,90 Slalllas 25,8 oy ol S sl Lo
eogame ;3 5 ol VALY Glojojly yo M
(Y Jgom) Wogs o yiiia Voo Y=Y 18 o

s et o Slallas 5l 0lans e ol 4o
Elyl Sl 51 (36 e 5 S e 25 58 5 il
Mo e ;00 golasi g o e ) ol
S a5 0l (LS a8l () a0 ST (B
5 (aslllas F) airy b, a0 Slalllas
5\ Jolaz) Canl 48,5 &0 (axlllas F) jie o pes
(Y

S 35 A 9 Sxy

o (Sily oo yglod 40 @y by i Lo
Lol L ol 8l 4 plge gm0 sloolKiwo
Sl Se 5 LS Jmo L asils 5l moboliseg Sl
il s lse lolids ol a2l L2yl33l oges
Jr=S 5 i 5o O 53l oz & Jas b by
augli Yo BV 0 aSils .cwl slogng ol sl)ls
| s by L5550l o515 s 50 YoV Lo
Hollim 05 5l (5 Glsie @ € Lo
I ¥Y jeae L plb s pan iS5 68ty
5 S—=3 pole GrolRails wudlage &)y (B asles
o aag L.(YY) ol S sladass sle)losle
ol aalllhas s (s lew (pl 0k Hles solaidl
5 e s sla sl S, lolis o Wlgi e
2l asie abg e slad o JalS g ol olxl

5 ot Sldlas ols lis alsds et o) g
slosgin Lo li s agzlsn ;L (op—as
Els= 59— 3 299,000 9 (29—0l; (bl iiag S]]

Iran Occupational health. 2019 (Oct-Nov);16(4):46-58.



bl slagin b (s sbagalye > Gl 4 Ml S

Sty ) 5255 i (S5 WS 5 i
ellis Lol akad 1 a8 ol abgy o (gla 5253
Slaisl 51 Gl Slalllas (ppizmad sl o0
Oyt slogiy 5l o5 n aile %00 Jalge
el ket S mbliiog 2SIl o Logases)
@holb s 2l pled Slye (0 55 (2929 9
§ 00— b Candad 4 i 0590 (ol Al Slosls lis
bl Sl (oole malyz )3 3B g (o) 2 350
@523 g n (e el @iddS Slalas
Yool 5,al8e e ey ondlS )5 odg0 e L)
G e sl yseg )3 el (See a5 (5,885
iz )l Slas 8 Ll s by, all ails
oo il wile (Gl et sand )8 5 (220l (655
5 JuSesly slacidr JoSa5 5l (b 45 gl
755 bl el o ol A8l el (g5
Slalas 5l ooy el o bbas 8 ol el
Slallas plsul osajls g sosl cway invivo
(OY) Sl o nl 55yt S3olgmens
Sl 299,500 Loy p (eails o 4S5 joblen
S ojlasl 4 DNA o oleonds slaaisn (Sl
Samwgigs Ol olnl b sl S Lol i jlas (65 51
Lo JISol, sloml wiils sopkims é sl pmnilSis 5
DNA ,oxi slaai] s o Psli b OF oY) ol
U laslin (05 DO FF) wisds b s slomsl cesly

Oty 9 9510 o sl 457 a3 o0 (LS 59 pal @
@ e Wl oo geilanST ol ls bl e b
Ot i 9155 o0 395 asgh 4y 4T 05 (peje Slecdl
S s Gk ol ol ol (3o slags Lo
Qg Job Sl geg slasbo 4 (anlo Joboo
o2 93]y Smaglie ity Ssglie ST
(OV)asle slal |y golts slo sk sl 5 55550
T eS| 2Ty gladsisS el asls i bl
oy wle (55UsS gl 5l s gl 5o
(1) Logdle 5 (F+ ) gy «(B8) pois) (BA)
290 =l A 8999 Slilllas (B s fSo
(YY) Wogs 03903 (155 1) (gommgd 5950 Sl
ol iz el GulsT ¥1) Jlo o

3 Reactive Oxygen Species (ROS)

=2 Ol Ml (s oz ol jen 4 s
5 f.ul., o 9 S ,n cr Sladllas cpl (YV)og 00l
Ol @ M (s Jlas g jlo e o ) ad Gl e
=€ 35— 95 53 5 S me 9,50 93 o | Gl
(Vo) Jolaz) wis )5 pdlel o cxo

a5 Sl gloye 5o (e ipls adn olb e
(S 0390 e ) Yo QT Eouts alndS Slallas o
o=l pasas Gldlas ;0 4 (00) Jw YF L Y-
oS Jlw YA L V0 g asly iol58l s oogiome
aad oo, o b SO s sl bl ongs )5
St adn b p |y Ol 5 Oloye 55 lapadlg2s
ool Gl g9 93 4 by (o avd o0
e oilagias ;g Gugilagira (ol
aS cowlosls s L3 sla iogh (Q)) 95d o0
o8l b ansds Jlo Fepsahn b w550 ol
Sl )9t ()0 &5 (Sl edd 9 g; 2 JB
Pz (sl 5 L)l Jlod IS 0D (o
Aol (il Bl i 4 ax gl L (O D) Cl 0oy
9 S99y rmaastie bwg (s iy Lo bl
3 i ol (Dl & d2g pgas 13 590,81
Q) 00,5 &l) YL 5 9 o\Llsm g

Slalllas jiinn )0 a5 05 Gl K00 5o by
Ol 53 b (o Sleinn 950 (nl 4 (6959

Las SLS,B 5o ]y e ol 4 M) (oo jlas
el o o wsjls dxl agzlse gyl slags
Ml 5 (2 oo 9 Sye 55 Gl izeen 20 S
99 4o ‘4_9‘.?5.& ) QL;SJIS uL.o 39 QUo)....J Q—l‘ LY
(Y ) Jolaz) o, 50155 o sxe asllae
2 e y5eg gl il paiite 5 LeglS
Lo, g 0og POCRY Boes pgls aiws VLS5
5O 098 oo Jolls | a0 r"""‘” Sl yg055 dor 31 /A-
L Lo lowm ol He aisas g a1 70 Lo ,as
Sbdamid Sl susile @L; asLlab Lgol_s) Q>

2 Seminomatous and non- seminomatous

Iran Occupational health. 2019 (Oct-Nov);16(4):46-58.

of



=

88,5

Slalllae odglej pol gy Sl 4 az g5 L
L s aglye 1305 aie) ;5 a8 ool (559,
13 oas plowsl (b o a0 Ml Sy 2 (510l slogs
15 Cendas (g el 1 Wl oo anlllas oyl b
= 35 i) libem e sloag py Sblage dis
g diej cnl o Jld laglojle sl ()Mol slogi
o=l Lapl QLS5 oS )5 slalazs (oolad 35
2l dsho wijls ik agge lagi 5l Ao

390 Sledbl 5l isn wilgs oo asllas ol yioren
1 ooyl 5o Lo o 5UTke anlllas oS plsil gl 5l
5 39,5 Slalllas Sgame slass 4 4z 95 b ayles opels
5 kb Limgdy ol loanily a8 clezysgae
Sl Dldllas ploxil 00,5 o dlgiing 9 0098 ol
@hob s 55U 5 039 wall ooy S 1yl oS
aslol wules 55505 )by lagin b (ol ag>lse
5L dwde Wl o ogad cpl yo 5IbTle ploul ool
Yl 5l s alallas ;o 0o oo Slpiinn (yuioren
5 00l ool wl i Lo S o b yislen )0 0 yuiiin
Wl g ail B0 dlie Ol 0l Cusgase

Dols

S g padi
b 2958 Sy pole olidly lawgi agh (ol
O ol glociy TV o led Jimghy ol I3
saS_iily dagh Cglee slacolex jlal g
Lg;lo)..\_'é JLeS (3938 Sy pole olRiils ¢ el
Dz LT slacsaclus 3l crizen 2T 0 Jos 4
355 oo Kl g

References

1. Mokarami H, Mortazavi SB, Asgari A, Choobineh
A, Stallones L. Multiple dimensions of work-
related risk factors and their relationship to work
ability among industrial workers in Iran. Int J
Occup Safe Ergonom. 2017;23(3):374-9.

2. Cember H, Johnson TE. Non-ionizing radiation
safety. Introduction to Health Physics fourth ed.
New York: McGraw-Hill Publishing Company;
2009. p. 721-802.

ohen g Slagl)j 1

AWHO) cslag slgz byl 75 9 TARC)
2B 09,5 o 1) @ooly mblineg xSl sl loce
aab 154l o olge 51 (ludl gl 1y sy Ylazxl)
L L)l )0 Sojglgmeal anled iz jo 05 us
o SUL by 5 2m3l; slogn b (ol ag2lse
Slallae (bl 1 (600 i (] 5 Sy (o0
3wl ool plol Cllg> (59, 5 45 090 (g0990
Ol Xdmgyy & 053 el izl o Glasle nl 5,00
Sy aliro, g0 Olallas ploxil 4y a5 WS 0 ST
Wils (e DyamsS Slalllas 5l iy 1y T (S g 5]
aolsl Eonl S s 5 dabillan ol ol (BY)

Al s pgar (pl Ho gaali 350 Dlalllas
slaglb,w pogaz ;0 (95U Cul azgs Ll
P—a> 0 9 (6990 ne Oladxd (o i8S o L
O pg S «Seileg)l sledel gl aiile (50150
gz ;8 9,0l 5l FY-FF) oads plonl 208)L
okl s 85U pogas ) o5 o 0o plos]
Slallas )5 ail 6,1y slagin Ly (Jid agzlse
2ol YL gord 4 azgi b adi 28l ()b
ol Cenl zmen g 905 0 Sl Sldle
ploml (b Glaglbw comy o ke ;5518 S
S9=2 sl 525 ;3 abgy o S jgedn] Slallas
3 Ol (Sladod 3S1he az g5 oS Sl 0¥ g o
Ol 40 Mol S ity Jelge 3l @ 528
5 osds G gl 595 2 599 56 om)
soms aialllas ol yo ol Kbdghy Cemso (glgpate aBdle
ag>lge DAl (99,9 Dldlae yo aSl 4 azgi L Lol
o=l sz 950l 3 3g eatd AF (S8L s a0 b
o=l Sledgasme 5l (G g 09 pdny GLSl 959
» Gy e ol 23 TR Sgr B
05 eSSVl e 3 o oz lnolSL
g gz slasy a poxie ol ol a5 0l ploxl
$| ol 0005 (535,5 Slallla ol ials Yiazs|
Ol g Slalllas o 08,5 (e Sleitioy 9,0
Lo yioles (Mo ym 0gde g Al Codgaxe

o o Mellim b o Slemsl S g Lao S

4 International Agency for Research on Cancer (IARC)
5> World Health Organization (WHO)

Iran Occupational health. 2019 (Oct-Nov);16(4):46-58.



3. Khavanin A, Jonidi Jafari A, Ahmadi §,
Zaroushani V. A Review on Administrative
Controls to Radiofrequency and Microwave
Radiation based on recommendations of
International Organizations. Iran Occup Health J.
2018;15(3):134-43. [Persian]

4, Zaroushani V, Khavanin A, Mortazavi SB, Jonidi
Jafari A. Efficacy of Net Epoxy Resin for
Electromagnetic Shielding in X-Band Frequency
Range. Health Scope. 2016;5(3):1-7.

5. Zaroushani V, Khavanin A, Mortazavi SB, Jnonidi
Jafari A. Improvement of electromagnetic
shielding effectiveness for radar frequencies using
dispersion  factor. Iran Occup Health J.
2016;13(1):1-10. [Persian]

6. Zaroushani V, Khavanin A, Mortazavi SB. An
attenuation Layer for Electromagnetic Shielding in
X- Band Frequency. Iran J Health Safe Environ.
2015;2(2):264-9.

7. zaroushani V, Khavanin A, Mortazavi S, Jonidi
Jafari A, Moeini M, Javadzadeh M. The Role of a
New Electromagnetic Shielding in Reducing the
Microwave Radiation (A Case Study for the X-
Band Frequencies). Iran Occup Health J.
2015;12(5):90-9. [Persian]

8. Zaroushani V, Khavanin A, Jonidi Jafari A,
Mortazavi SB, Khajenasiri F. Investigation of
factors influencing the efficacy of electromagnetic
shielding in X band frequency range. J Health Safe
Work. 2016;6(4):1-16. [Persian]

9. Zaroushani V, Khavanin A, Jonidi Jafari A,
Mortazavi SB. A New Microwave Shield
Preparation for Super High Frequency Range:
Occupational Approach to Radiation Protection. J
Res Health Sci. 2016;4(16):206-11.

10. Khavanin A, Jonidi Jafari A, Safari Variani A,
Zaroushani V. Investigation on the effect of
structural factors on shielding effectiveness in
double-layer electromagnetic shields. J Health
Safe Work. 2018;8(1):43-54.

11. Zaroushani V, Khavanin A, Mortazavi SB.
Nonthermal Effects of Radar Exposure on Human:
A Review Article. Iranian Journal of Health,
Safety & Environment. 2014;1(1):43-52. [Persian]

12. Khavanin A, Zaroushani V, Rezaei A, Mortazavi
SB, Mirzaei R, Hassani. J. investigation of
biological effect of microwave mobile phone on
antioxidant capacity in rabbit blood. Iran J Basic
Med Sci. 2006;9(4):244-9[Persian].

13. Khavanin A, Zaroushani V, Mortazavi S, Rezaei
A, Mirzaei R. Comparison of antioxidant capacity
changes in rabbit blood after disconnected
exposure to mobile phone microwave. J Sabzevar
Unu Med Sci. 2008;14(4):238-45.

14. Daroudi A, Zendehdel K, Nahvijou A,
Zahmatkesh H, Akbarisari A. A Review of
Methods for Estimating Economic Burden of
Cancer. Hakim Health Syst Res J. 2014;16(4):349-

ohen g Slagl)j 1

57.

15. Zaret M. Pancreatic cancer in broadcast (radio
and radar) technicians. FASEB Journal (Federation
of American Societies for Experimental Biology);
(United States). 1990;4(CONF-9104107).

16. National Institute for Medical Research
Development. Available from: nimad.ac.ir.

17. Introduction to the IARC Monographs Volume
102.

18. International Agency for Research on Cancer
(IARC). TARC Classifies Radiofrequency
Electromagnetic Fields as Possibly Carcinogenic
to Human 2011. Available from: http://www.
iarc.fr/en/media-centre/pr/2011/pdfs/pr208 E.pdf.

19. Baumgardt-Elms C, Ahrens W, Bromen K,
Boikat U, Stang A, Jahn I, et al. Testicular cancer
and electromagnetic fields (EMF) in the
workplace: results of a population-based case—
control study in Germany. Cancer Causes Control.
2002;13(10):895-902.

20. Davis RL, Mostofi FK. Cluster of testicular
cancer in police officers exposed to hand-held
radar. Am J Indust Med. 1993;24(2):231-3.

21. Hardell L, Nasman A, Ohlson CG, Fredrikson M.
Case-control study on risk factors for testicular
cancer. Int j oncol. 1998;13(6):1299-304.

22. McGlynn KA, Trabert B. Adolescent and adult
risk factors for testicular cancer. Nature Rev Urol.
2012;9(6):339-49.

23. Merimsky O, Levita M, Merimsky E, Chaitchik
S. Radiofrequency and testicular cancer. Oncol
Rep. 1996 Mar 1;3(2):365-8.

24. Walschaerts M, Muller A, Auger J, Bujan L,
Guérin JF, Lannou DL, et al. Environmental,
occupational and familial risks for testicular
cancer: a hospital-based case-control study. Int J
Androl. 2007;30(4):222-9.

25. Clapp R, Howe G, Lefevre MJ. Environmental
and occupational causes of cancer. Lowell Center
for Sustainable Production. 2007 Oct:3.

26. Elwood JM. Epidemiological studies of radio
frequency exposures and human cancer.
Bioelectromagnetics. 2003;24(S6):S63-73.

27. Goldsmith JR. Epidemiologic evidence relevant
to radar (microwave) effects. Environl Health
Perspect. 1997;105(Suppl 6):1579.

28. Grayson JK. Radiation exposure, socioeconomic
status, and brain tumor risk in the US Air Force: A
nested case-control study. Am J Epidemiol.
1996;143(5):480-6.

29. Richter ED, Berman T, Ben-Michael E, Laster R,
Westin JB. Cancer in radar technicians exposed to
radiofrequency/microwave  radiation:  sentinel
episodes. Int J Occup Environ Health.
2000;6(3):187-93.

30. Savitz DA. Overview of epidemiologic research
on electric and magnetic fields and cancer. Am
Indust Hyg Assoc J. 1993;54(4):197-204.

I[ran Occupational health. 2019 (Oct-Nov);16(4):46-58. 0%



bl slagin b (s sbagalye > Gl 4 Ml S

31. PRISMA 2009 Checklist 2009. Available from:
www.prisma-tatement.org/PRISM A Statement/
Checklist.

32. Groves FD, Page WF, Gridley G, Lisimaque L,
Stewart PA, Tarone RE, et al. Cancer in Korean
War Navy technicians: Mortality survey after 40
years. Am J Epidemiol. 2002;155(9):810-8.

33. Davis. Robert. L KMF. Cluster of testicular
cancer in police officers exposed to hand-held
radar. Am J Indust Med. 1993;24(2):231-3.

34. Dabouis V, Arvers P, Debouzy JC, Sebbah C,
Crouzier D, Perrin A. First epidemiological study
on occupational radar exposure in the French
Navy: a 26-year cohort study. Int J Environ Health
Res. 2016;26(2):131-44.

35. Degrave E, Meeusen B, Grivegnee AR, Boniol
M, Autier P. Causes of death among Belgian
professional military radar operators: a 37-year
retrospective  cohort study. Int J Cancer.
2009;124(4):945-51.

36. Degrave E, Meeusen B, Grivegnée AR, Boniol
M, Autier P. Causes of death among Belgian
professional military radar operators: A 37-year

retrospective  cohort study. Int J Cancer.
2009;124(4):945-51.
37. Vainio H, Zendehdel K. Occupational/

Environmental Cancer at the International
Congress on Cancer prevention & Early Detection:
A Workshop Report. Basic Clin Cancer Res.
2017;9(4): 40-4.

38. Peleg M, Nativ O, Richter ED. Radio frequency
radiation-related cancer: assessing causation in the
occupational/military  setting.  Environmental
Research. 2018;163:123-33.

39. Richter ED, Berman T, Levy O. Brain cancer
with induction periods of less than 10 years in
young military radar workers. Arch Environ
Health. 2002;57(4):270-2.

40. Repacholi MH. Radiofrequency field exposure
and cancer: What do the laboratory studies
suggest? Environ Health Perspect.
1997;105(SUPPL. 6):1565-8.

41. Morgan RW, Kelsh MA, Zhao K, Exuzides KA,
Heringer S, Negrete W. Radiofrequency exposure
and mortality from cancer of the brain and
lymphatic/hematopoietic systems. Epidemiology.
2000;11(2):118-27.

42. McElroy JA, Egan KM, Titus-Ernstoff L,
Anderson HA, Trentham-Dietz A, Hampton JM, et
al. Occupational exposure to electromagnetic field
and breast cancer risk in a large, population-based,
case-control study in the United States. J Occup
Environ Med. 2007 Mar;49(3):266-74.

43. Rashidi B, Alizadeh K, Zareiy S. Effects of
microwave exposure in the radar workers of
Islamic Republic of Iran Air Force. Ebnesina J
Med. 2009;12(1):4-10.

44. Zhi WJ, Wang LF, Hu XJ. Recent advances in
the effects of microwave radiation on brains. Mil

Med Res. 2017;4:29-43.

45. Strand LA, Martinsen JI, Borud EK. Cancer
incidence and all-cause mortality in a cohort of
21582 Norwegian military peacekeepers deployed
to Lebanon during 1978-1998. Cancer Epidemiol.
2015;39(4):571-17.

46. Singh S, Mani KV, Kapoor N. Effect of
occupational EMF exposure from radar at two
different frequency bands on plasma melatonin
and serotonin levels. Int J Rad Biol. 2015 May
4;91(5):426-34.

47. Schrader SM, Langford RE, Turner TW,
Breitenstein MJ, Clark JC, Jenkins BL, et al.
Reproductive function in relation to duty
assignments among military personnel. Reprod
Toxicol. 1998;12(4):465-8.

48. Mollerlokken OJ, Moen BE. Is fertility reduced
among men exposed to radiofrequency fields in the
Norwegian Navy? Bioelectromagnetics. 2008
Jul;29(5):345-52.

49. Baumgardt-Elms C, Ahrens W, Bromen K,
Boikat U, Stang A, Jahn I, et al. Testicular cancer
and electromagnetic fields (EMF) in the
workplace: Results of a population-based case-
control study in Germany. Cancer Causes Control.
2002;13(10):895-902.

50. Huyghe E, Matsuda T, Thonneau P. Increasing
Incidence of Testicular Cancer Worldwide: A
Review. J Urol. 2003;170(1):5-11.

51. Yousif L, Blettner M, Hammer GP, Zeeb H.
Testicular cancer risk associated with occupational
radiation exposure: a systematic literature review.
J Radiol Prot. 2010;30(3):389.

52. Floderus B, Stenlund C, Carlgren F.
Occupational exposures to high frequency
electromagnetic fields in the intermediate range (>
300 Hz-10 MHz). Bioelectromagnetics.
2002;23(8):568-77.

53. Kocaman A, Altun G, Kaplan AA, Deniz OG,
Yurt KK, Kaplan S. Genotoxic and carcinogenic
effects of non-ionizing electromagnetic fields.
Environ Res. 2018;163:71-9.

54. Garaj-Vrhovac V, Gajski G, Paanin S, aroli A,
Domijan AM, Flajs D, et al. Assessment of
cytogenetic damage and oxidative stress in
personnel occupationally exposed to the pulsed
microwave radiation of marine radar equipment.
Int J Hyg Environ Health. 2010;214(1):59-65.

55. Deshmukh PS, Megha K, Banerjee BD, Ahmed
RS, Chandna S, Abegaonkar MP, et al. Detection
of Low Level Microwave Radiation Induced
Deoxyribonucleic ~ Acid Damage  Vis-a-vis
Genotoxicity in Brain of Fischer Rats. Toxicol Int.
2013;20(1):19-24.

56. Levitt BB, Lai H. Biological effects from
exposure to electromagnetic radiation emitted by
cell tower base stations and other antenna arrays.
Environ Rev. 2010 Nov 5;18(NA):369-95.

57. Reuter S, Gupta SC, Chaturvedi MM, Aggarwal

Iran Occupational health. 2019 (Oct-Nov);16(4):46-58.

ov



BB. Oxidative stress, inflammation, and cancer:
how are they linked? Free Rad Biol Med.
2010;49(11):1603-16.

58. Sumi D, Shinkai Y, Kumagai Y. Signal
transduction pathways and transcription factors
triggered by arsenic trioxide in leukemia cells.
Toxicol Appl Pharmacol. 2010;244(3):385-92.

59. van de Wetering CI, Coleman MC, Spitz DR,
Smith BJ, Knudson CM. Manganese superoxide
dismutase gene dosage affects chromosomal
instability and tumor onset in a mouse model of T
cell lymphoma. Free Rad Biol Med.
2008;44(8):1677-86.

60. Khandrika L, Kumar B, Koul S, Maroni P, Koul
HK. Oxidative stress in prostate cancer. Cancer
Lett. 2009;282(2):125-36.

61. Fruehauf JP, Trapp V. Reactive oxygen species:
an Achilles’ heel of melanoma? Expert Rev
Anticancer Ther. 2008;8(11):1751-7.

62. Miller AB, Morgan LL, Udasin I, Davis DL.
Cancer epidemiology update, following the 2011
IARC evaluation of radiofrequency
electromagnetic fields (Monograph 102). Environ
Res. 2018;167:673-83.

63. Pouryaghoub G, Mehrdad R, Salehpour S,
Shahryari M. Exposure to asbestos in patients with
malignant mesothelioma in Iran. Tehran Uni Med
J.2014;72(2):79-86.

64. Pourabdian S, Janghorbani M, Khoubi J, Tahjvidi
M, Mohebbi 1. Relationship Between High Risk
Occupation  Particularly ~ Aromatic ~ Amines
Exposure And Bladder Cancer In Isfahan: A Case
— Control Study. Urmia Med J. 2010;21(2):224-34.

65. Fazli Z, Khodakarim S, Sajedifar J, Goli F,
Zendedel R. Occupational and Environmental Risk
Assessment of Inhalation Exposure to Hexavalent
Chromium for Cancerous Effects. J Health.
2016;2(3):181-90.

66. Salehpour S, Azin S, Cheraghvandi A, Heidari
MM, Mohammad Sadegh S. Job and environment
factors in relation with pleural malignant
mesothelioma and determination of occurrence
chance of mesothelioma in exposure to asbestos.
Iran Occup Health J. 2010;7(2):59-0.

ohen g Slagl)j 1

Iran Occupational health. 2019 (Oct-Nov);16(4):46-58.



